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The Half-Life of Am'4s
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(Received August 31, 1953)

The alpha half-life of Am'4' was found to be 8800+600 years. The ratio of Am'4' and Am'4' masses in the
sample was measured with a mass spectrometer, and the ratio of their alpha activities was measured with a
differential alpha pulse analyzer. A method for preparation of thin samples of americium by electrodeposi-
tion is described.

S TREET, Ghiorso, and Seaborg' determined a rough
half-life of about 10' years for Am'~ from a meas-

urement of the amount of Xp"' daughter in equilibrium
with Am'4'. A more accurate determination has become
feasible with the acquisition of an Am'~ sample formed
in plutonium that had been extensively irradiated in
the Chalk River pile. ' The sample was chemically
purified, and the mass ratio of Am'" to Am"' deter-
mined accurately with the 60', 12-inch radius mass
spectrometer, using a multiple-filament ionization
source. The ratio of the alpha activities of the amer-
icium isotopes was measured with a di8erential alpha
pulse analyzer. From these data and the known Am'4'

half-life, ' the Am'~ half-life was calculated.
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EXPERIMENTAL

Americium, curium, and most of the fission prod-
ucts were separated from the bombarded plutonium

by elution from an ion exchange column. Further

purification from fission products was obtained by
elution from two successive Dowex-50 cation exchange
columns with concentrated HCl. 4 This was followed
by two successive cation exchange columns of Dowex-50
at 87'C, using 0.25 M citric acid whose pH had been
adjusted to 3.5 with NH3, as the eluant. '

The americium and curium fractions were com-
bined, and the mole ratio, Am'~ Am'"=0. 335&0.003,
was determined by mass spectrometer. The absence of
fractionation of the 243 mass peak with respect to the
241 peak over a wide range of electrode temperatures,
indicated that these masses were due to the same
element.

Accurate pulse analyses of the americium required
the removal of the curium activity. This was accom-
plished by three successive oxidation-reduction cycles,
using LaF3 as a carrier. Three such cycles resulted in a
104-fold separation of americium from curium. In
order to obtain the americium free from carrier and
from fluoride, zirconium hydroxide was substituted
for LaF3 as a carrier, and the zirconium finally re-
moved by thenoyltrifluoroacetone (TTA)-benzene sol-

vent extraction.
A thin, uniform deposit suitable for pulse analyses

was obtained by electroplating the purified americium
from'10 ml 0.2 3E K2CO3 in a cell similar to the one
described by HuGord and Scott. The anode was a
rapidly rotating carbon rod, 6 mm in diameter; the
cathode was a tantalum disk, 2 cm in diameter; the
emf was 11 volts; and the current 90 to 120 milli-

amperes. After electroplating for 100 minutes at room

temperature, the cell was disassembled, and the
cathode washed rapidly with dilute NH4OH and water.
The yield was about 60 percent.

The average alpha activity ratio of 5.27-Mev Am'~
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FIG. 1. Typical pulse analysis of americium fraction.
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HALF —LIFE OF Am'4'

to Am~', from five pulse analyses, was 0.0179+0.0006
(Fig. 1).

RESULTS

The alpha half-life of Am'~ was calculated from these
data to be (8.8+0.6))&10s years, using 470 I+s years
as the half-life of Am'" ' and assuming that there is no

alpha fine structure of Am'~ that might be obscured by
Am'~ alphas. The error reported is based upon stand-
ard deviation of the alpha counting data (3 percent),
the mass spectrometer error (1 percent), the error .in
the half-life of Am'u (2 percent), and the estimated
error due to the uncertain correction for the Am'"
alphas in the Am'~ peak.
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A proportional counter 6lled with carbon dioxide was irradiated with monoenergetic fast neutrons pro-
duced by bombarding thin lithium targets with protons from an electrostatic generator. Angular distribu-
tions of neutrons scattered by oxygen were deduced from the energy spectrum of recoil oxygen ions for
neutron energies from 392 kev to 1412 kev, determining the parities of three spin-~3 levels in 0', 4.56, 5.08,
and 5.39 Mev above the ground state. The 5.08-Mev state has even parity and appears to be the Dg member
of a D;—D; doublet, where the D~ level is then 5 Mev higher than the D; ground state of O' .The other two
states have odd parity and lie more than 1.5 Mev above the lowest spin--, odd-parity level. This may indi-
cate a spin-orbit splitting of the order of 2 Mev or greater in the P shell.

I. INTRODUCTION
' 'T might be hoped that the examination of the states
~ ~ of nuclei made up of a closed shell plus one "out-
side" nucleon would result in information which could
be interpreted to help determine the source and
strength of spin-orbit forces in nuclei. Various results
pertaining to the- spin-orbit splitting of the P states of
a single nucleon outside the closed 1 S shell, that is,
states of He' and Li', appear to be inconsistent and
therefore inconclusive. ' The next heavier closed shell
plus one nuclei are the isobaric 0'~—I"~pair. According
to the ordering of levels in a potential well, the lowest
state of these nuclei should be either a 2S or 1D state,
the integer representing the number of nodes in the
radial wave function. Alder and Vu2 have shown that
the spin of the ground state of 0' is z~, and it can be
concluded that this state is primarily Dg, a hypothesis
in good agreement with the electric quadrupole' and
magnetic dipole' moments. It might, then, be expected
that a D,* state of 0" shouM exist and lie at an excita-
tion energy determined by the strength of the spin-
orbit forces acting on the added neutron. Positions of
the low-energy levels of 0'7 are known from a variety
of experiments, 4 and the spins and parities of all states
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below 4 Mev can be deduced~' either from experiments
on 0" or from measurements pertaining to the mirror
nucleus F".None of these states has spin ~, and there
is no reason to believe such a state would have been
missed because of selection rules or experimental
limitations. However, three spin-~ states are known'
between 4.5 and 5.4 Mev, and it seemed probable that
one of these was the D~ member of the doublet includ-
ing the ground state. It was the purpose of these meas-
ments to determine the parity of these levels in the
hope of 6nding the 1D; state in 0'~, and thus to obtain
a measure of the spin-orbit splitting in the 1D shell.

II. THEORY OF THE MEASUREMENTS

The variation of total neutron cross section with
energy at an elastic scattering resonance associated
with a state of spin J is L(25+1)/(2I+1) j2mhs, where
I is the spin of the target nucleus, a result independent
of the parity of either the target nucleus or the reso-
nance level. Total cross-section measurements inter-
preted in this way were used to assign values of ~3 to the
spin of levels in 0'~ at excitation energies of 4.56, 5.08,
and 5.39 Mev. If there is no interference between a
resonant state and other states, the diGerential cross
section for neutron scattering will also depend solely
on J and I. However, an interpretation of the observa-
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